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1. INTRODUCTION {#dom13921-sec-0005}
===============

Residual cardiovascular (CV) risk in statin‐treated patients persists despite control of LDL cholesterol.[1](#dom13921-bib-0001){ref-type="ref"} Other atherogenic lipids and lipoproteins, such as triglycerides (TGs) and TG‐rich lipoproteins (TRLs), are also likely causal and prognostic factors as well as potential treatment targets in atherosclerotic CV disease (ASCVD).[1](#dom13921-bib-0001){ref-type="ref"}, [2](#dom13921-bib-0002){ref-type="ref"} The biological plausibility of elevated TG and TRL levels as factors in residual CV risk is supported by epidemiological, genetic and clinical evidence. TG levels correlate with heightened risk for CV events in patients with well‐controlled LDL cholesterol levels on statin therapy.[3](#dom13921-bib-0003){ref-type="ref"} Given that TGs are hydrophobic and do not float freely in plasma but are carried in such TG‐enriched lipoproteins as VLDL, VLDL remnants and intermediate‐density lipoprotein (IDL), the relationships observed probably reflect atherogenic effects exerted by both TGs and TRLs; this is reflected in non‐HDL cholesterol.[4](#dom13921-bib-0004){ref-type="ref"}, [5](#dom13921-bib-0005){ref-type="ref"}, [6](#dom13921-bib-0006){ref-type="ref"}, [7](#dom13921-bib-0007){ref-type="ref"}, [8](#dom13921-bib-0008){ref-type="ref"}, [9](#dom13921-bib-0009){ref-type="ref"}, [10](#dom13921-bib-0010){ref-type="ref"}, [11](#dom13921-bib-0011){ref-type="ref"} TG‐enriched remnants, which include both small VLDL and IDL, are proinflammatory, induce endothelial dysfunction, and can be isolated from atheromatous plaque.[5](#dom13921-bib-0005){ref-type="ref"}, [11](#dom13921-bib-0011){ref-type="ref"}

In addition to the direct association between TG levels and CVD risk, elevated TGs also contribute to the atherogenic lipid triad. In patients with elevated TGs, there is typically a reduction in the activity of lipoprotein lipase, the enzyme primarily responsible for hydrolysing TGs in the core of TRL. As TRL levels increase in plasma, cholesteryl ester transfer protein (CETP) engages in neutral lipid exchange between TRLs and both LDL cholesterol and HDL particles. CETP catalyses a 1:1 exchange of TGs for cholesterol between TRL and HDL and LDL particles. The LDL and HDL particles become more enriched with TGs and become better substrates for lipolysis by hepatic lipase, which results in increased HDL catabolism (and corresponding reductions in serum levels of this lipoprotein) and the formation of large numbers of smaller, denser LDL particles. This atherogenic lipid triad, consisting of high concentrations of TGs/TRLs, increased numbers of small‐dense LDLs and low levels of HDL, is particularly prevalent in patients with insulin resistance and diabetes mellitus and is believed to underlie much of the accelerated atherogenesis in these patients.

Epidemiological studies have shown that elevated TGs correlate with elevated CV risk,[12](#dom13921-bib-0012){ref-type="ref"}, [13](#dom13921-bib-0013){ref-type="ref"}, [14](#dom13921-bib-0014){ref-type="ref"} and the American Heart Association (AHA) has long recognized that elevated TGs are a marker of CV risk.[15](#dom13921-bib-0015){ref-type="ref"} The role of elevated TGs in the development and progression of ASCVD has been further elucidated in genetic studies,[16](#dom13921-bib-0016){ref-type="ref"}, [17](#dom13921-bib-0017){ref-type="ref"}, [18](#dom13921-bib-0018){ref-type="ref"}, [19](#dom13921-bib-0019){ref-type="ref"}, [20](#dom13921-bib-0020){ref-type="ref"}, [21](#dom13921-bib-0021){ref-type="ref"}, [22](#dom13921-bib-0022){ref-type="ref"}, [23](#dom13921-bib-0023){ref-type="ref"} genome‐wide analysis studies,[24](#dom13921-bib-0024){ref-type="ref"}, [25](#dom13921-bib-0025){ref-type="ref"}, [26](#dom13921-bib-0026){ref-type="ref"}, [27](#dom13921-bib-0027){ref-type="ref"} and Mendelian randomization studies.[14](#dom13921-bib-0014){ref-type="ref"}, [28](#dom13921-bib-0028){ref-type="ref"}, [29](#dom13921-bib-0029){ref-type="ref"}, [30](#dom13921-bib-0030){ref-type="ref"}, [31](#dom13921-bib-0031){ref-type="ref"} Some common polymorphisms have been associated with higher TG levels and increased CV risk, including *APOA5* and *LPL* variants.[32](#dom13921-bib-0032){ref-type="ref"} Analyses of clinical data have also demonstrated that lower on‐treatment TGs correlate with reduced CV risk.[3](#dom13921-bib-0003){ref-type="ref"}, [33](#dom13921-bib-0033){ref-type="ref"} TRLs can modulate ASCVD by becoming trapped in the subendothelial space, where they are scavenged by macrophages to form foam cells, which potentiate both inflammation and atherosclerotic plaque formation.[34](#dom13921-bib-0034){ref-type="ref"} There is evidence that fatty acids produced from TGs and TRLs are pro‐inflammatory and contribute to atherogenesis.[35](#dom13921-bib-0035){ref-type="ref"}, [36](#dom13921-bib-0036){ref-type="ref"}, [37](#dom13921-bib-0037){ref-type="ref"} Inflammatory mediators lead to increased expression of vascular cell adhesion molecule‐1, which leads to adhesion of monocytes and T‐helper cells.[38](#dom13921-bib-0038){ref-type="ref"} Inflammation and increased influx of leukocytes into the intima trigger atherosclerotic changes and ultimately create the pathophysiological environment for the development of ASCVD.[34](#dom13921-bib-0034){ref-type="ref"}

As a result of the increasing prevalence of metabolic syndrome, diabetes and obesity, which induces the "atherogenic dyslipidaemia" phenotype,[39](#dom13921-bib-0039){ref-type="ref"}, [40](#dom13921-bib-0040){ref-type="ref"} many clinicians are faced with unclear therapeutic decisions when managing CVD risk in patients with LDL cholesterol controlled by statins. The objective of the present review was to describe the real‐world consequences of borderline hypertriglyceridaemia (TG levels ≥1.69--2.26 mmol/L) and hypertriglyceridaemia (TG levels ≥2.26 mmol/L) based on large patient databases, including the prevalence of hypertriglyceridaemia, distribution of TGs in the population, 10‐year ASCVD risk from the National Health and Nutrition Examination Survey (NHANES), as well as ASCVD risk, healthcare resource utilization and costs in patients with hypertriglyceridaemia with or without diabetes from the Optum Research Database and the electronic medical records of the Northwest and Southern California regions of Kaiser Permanente (Kaiser Permanente database). We chose to review results from these databases because they are large and representative of the US population.

2. HYPERTRIGLYCERIDAEMIA IN REAL‐WORLD DATABASES {#dom13921-sec-0006}
================================================

2.1. NHANES database {#dom13921-sec-0007}
--------------------

The NHANES database includes laboratory, medical history and prescription data. Analysis of the ASCVD burden in patients with TG levels ≥1.69 mmol/L from this database included data from 23 482 adults collected over an 8‐year period from 2007 to 2014, and forms a representative sample of the US population.[41](#dom13921-bib-0041){ref-type="ref"} The final sample included 9593 adults aged ≥20 years (projected to represent 219.9 million in the overall US population) who had morning fasting TG data available. A subgroup of 1448 adults also had a diagnosis of diabetes.

Based on population‐weighted estimates from this analysis, 26% of US adults (\~57 million individuals) and nearly one‐third of statin users have TG levels ≥1.69 mmol/L (Table [1](#dom13921-tbl-0001){ref-type="table"}).[41](#dom13921-bib-0041){ref-type="ref"} This is broadly in agreement with a similar analysis conducted in a European cohort in which 21% had TG levels ≥1.69 mmol/L.[42](#dom13921-bib-0042){ref-type="ref"} This means that greater proportions of patients that were not treated with statins had desirable TG levels (\<1.69 mmol/L) compared with statin‐treated patients (Table [1](#dom13921-tbl-0001){ref-type="table"}).[41](#dom13921-bib-0041){ref-type="ref"} TG levels in statin‐treated patients were elevated even when LDL cholesterol was controlled at \<2.59 mmol/L, with 27.6% having TG levels ≥1.69 mmol/L and 12.2% having TG levels ≥2.26 mmol/L.[41](#dom13921-bib-0041){ref-type="ref"} By comparison, for those not taking a statin who had LDL cholesterol \<2.59 mmol/L, 16.4% had TG levels ≥1.69 mmol/L and 8.2% had hypertriglyceridaemia (TGs ≥2.26 mmol/L).[41](#dom13921-bib-0041){ref-type="ref"} Increased age (odds ratio \[OR\] 1.15, 95% confidence interval \[CI\] 1.09--1.23) and body mass index (OR 1.18, 95% CI 1.07--1.31), as well as female vs male gender (OR 1.17, 95% CI 0.99--1.37), lower HDL cholesterol (OR 0.26, 95% CI 0.21--0.31), higher LDL cholesterol (OR 1.48, 95% CI 1.32--1.66) and diabetes (OR 1.64, 95% CI 1.28--2.09) were all independently associated with TG levels ≥1.69 mmol/L.[41](#dom13921-bib-0041){ref-type="ref"} Among US adults with diabetes, approximately 40% had TG levels ≥1.69 mmol/L, and half of these had TG levels ≥2.26 mmol/L, regardless of statin use.[43](#dom13921-bib-0043){ref-type="ref"}

###### 

Proportion of US adults according to triglyceride category and current statin use, NHANES 2007--2014[41](#dom13921-bib-0041){ref-type="ref"}

  TG level            All (n = 9593, 219.9 M)^a^   With statin use (n = 1847, 38.9 M)[a](#dom13921-note-0004){ref-type="fn"}   Without statin use (n = 7746, 181.0 M)[a](#dom13921-note-0004){ref-type="fn"}   *P* [b](#dom13921-note-0005){ref-type="fn"}
  ------------------- ---------------------------- --------------------------------------------------------------------------- ------------------------------------------------------------------------------- ---------------------------------------------
  \<1.69 mmol/L       7070 (163.0 M, 74.1%)        1287 (26.6 M, 68.4%)                                                        5783 (136.4 M, 75.3%)                                                           \<0.0001
  1.69--2.25 mmol/L   1287 (29.5 M, 13.4%)         284 (6.3 M, 16.2%)                                                          1003 (23.2 M, 12.8%)                                                            
  2.26--5.64 mmol/L   1141 (25.3 M, 11.5%)         259 (5.6 M, 14.5%)                                                          882 (19.7 M, 10.9%)                                                             
  ≥5.65 mmol/L        95 (2.1 M, 1.0%)             17 (0.4 M, 0.9%)                                                            78 (1.7 M, 1.0%)                                                                

Abbreviations: NHANES, National Health and Nutrition Examination Survey; TG, triglyceride.

Reprinted from *J Clin Lipidol*, 2019;13 (1):100--108. Fan W, Philip S, Granowitz C, Toth P, Wong N. Hypertriglyceridemia in statin‐treated US adults: The National Health and Nutrition Examination Survey. Copyright 2019, with permission from Elsevier.[41](#dom13921-bib-0041){ref-type="ref"}

Number of participants in each category (projected population in millions \[M\] and % of total).

*P* \< 0.0001 across TG categories, comparing those with vs. without statin use.

Among all adults, with or without statin treatment, there was a significant (*P* \< 0.0001) increase in the American College of Cardiology (ACC)/AHA 10‐year ASCVD risk score across increasing TG strata (Figure [1](#dom13921-fig-0001){ref-type="fig"}A).[41](#dom13921-bib-0041){ref-type="ref"} It was estimated that over the next decade, 3.4 million ASCVD events will occur among people with TG levels ≥150 mg/dL, with about one‐third of expected events to occur among statin users.

![Effect of hypertriglyceridaemia on risk, outcomes, healthcare utilization and costs.[41](#dom13921-bib-0041){ref-type="ref"}, [44](#dom13921-bib-0044){ref-type="ref"}, [45](#dom13921-bib-0045){ref-type="ref"}, [47](#dom13921-bib-0047){ref-type="ref"}, [50](#dom13921-bib-0050){ref-type="ref"} **A,** Estimated number of atherosclerotic cardiovascular disease (ASCVD) events in 10 years among people aged 40--79 years, by triglyceride (TG) concentration, and stratified by statin use, based on the 9593 participants identified in the National Health and Nutrition Examination Survey (NHANES) database. The estimated number of events in 10 years was calculated by multiplying the estimated ASCVD risk score by the corresponding projected population (the estimated ASCVD risk score also indicated the proportion of events expected to occur in 10 years). The 10‐year risk of ASCVD was defined as non‐fatal myocardial infarction (MI) or coronary heart disease death, or fatal or non‐fatal stroke, over a 10‐year period among people free from ASCVD at the beginning of the period. **B,** Increase in risk in patients with TG levels ≥1.69 mmol/L and in the subcohort with TG levels 2.26--5.64 mmol/L versus comparators from the Optum Research Database. See Table [2](#dom13921-tbl-0002){ref-type="table"} for analysis details. **C,** Increase in risk in patients from the Kaiser Permanente database with TG levels 2.26--5.64 mmol/L versus patients with TG levels \<1.69 mmol/L. See Table [3](#dom13921-tbl-0003){ref-type="table"} footnotes for analysis details. ^**\***^Overall pre‐match cohort: TG ≥1.69 mmol/L (n = 25 452 patients); comparator pre‐match cohort: TG \<1.69 mmol/L and HDL cholesterol \>1.04 mmol/L (n = 31 805 patients); pre‐match subcohort: TG 2.26--5.64 mmol/L (n = 13 411 patients); comparator pre‐match cohort: TG \<1.69 mmol/L and HDL cholesterol \>1.04 mmol/L (n = 32 506 patients). ^†^ *P* \< 0.001, ^‡^ *P* \< 0.01, ^§^ *P* \< 0.05, all others not significant. BMI, body mass index; CV, cardiovascular; TG, triglycerides](DOM-22-279-g001){#dom13921-fig-0001}

2.2. Optum Research Database {#dom13921-sec-0008}
----------------------------

The Optum Research Database is a retrospective observational administrative claims database that includes \>160 million individuals and electronic health records for \>80 million patients.[44](#dom13921-bib-0044){ref-type="ref"}, [45](#dom13921-bib-0045){ref-type="ref"} The analysis of the impact of TG on health outcomes from this database included patients with ≥1 claim for statin treatment. The follow‐up period began on the index date (date of first statin claim in 2010) and ended at plan disenrolment, death, or the end of the study (March 31, 2016), whichever occurred first. The population included men or women aged ≥45 years on index date with documented ASCVD and/or diabetes. ASCVD included acute coronary syndrome, myocardial infarction (MI), angina, coronary or other arterial revascularization, stroke, transient ischaemic attack, or peripheral arterial disease. Patients were required to have 6 months of baseline data before the index date, and at least 6 months of follow‐up data, which began on the index date. Patients with niacin remaining from a recent prescription fill at the index date or having International Classification of Disease (ICD)‐9 codes indicating the presence of severe liver disease, acute or chronic pancreatitis, malabsorption syndrome or gastric/intestinal bypass surgery, and end‐stage renal disease were excluded. An overall TG cohort included individuals with TG levels ≥1.69 mmol/L (n = 23 181),[45](#dom13921-bib-0045){ref-type="ref"} and a subcohort had TG levels 2.26 to 5.64 mmol/L (n = 10 990)[44](#dom13921-bib-0044){ref-type="ref"}; propensity‐matched comparator cohorts had TG levels \<1.69 mmol/L and HDL cholesterol levels \>1.04 mmol/L. The propensity‐score matching made it possible to control for baseline characteristics including age, sex, insurance type, region, baseline medical cost, LDL cholesterol relative to the median (if available), baseline use of statin, fibrate or omega‐3 fatty acids, and certain diagnoses (ASCVD, diabetes mellitus, stroke, hypertension, renal disease and peripheral artery disease); non‐HDL cholesterol and HDL cholesterol were added to the model in a separate analysis to evaluate their potential impact. Use of other lipid‐lowering drugs in this population was quite low, with \~7.4% of patients taking a fibrate at baseline and 1.4% a prescription omega‐3 fatty acid product (ezetimibe was grouped with low‐intensity statins).

Over the study follow‐up period, multivariate analysis showed that patients in the borderline hypertriglyceridaemia (TGs ≥1.69 mmol/L) cohort had significantly greater risk of composite initial major CV events (*P* \< 0.001) and individual CV events versus the comparator cohort, as did patients in the hypertriglyceridaemia subcohort with TG levels 2.26--5.64 mmol/L (Table [2](#dom13921-tbl-0002){ref-type="table"}; Figure [1](#dom13921-fig-0001){ref-type="fig"}B).[45](#dom13921-bib-0045){ref-type="ref"} Increased CV risk was apparent, even with addition of non‐HDL cholesterol to the multivariate model and when analysing HDL cholesterol subgroups.[45](#dom13921-bib-0045){ref-type="ref"} In this model, diabetes (hazard ratio \[HR\] 1.37, 95% CI 1.26--1.48; *P* \< 0.001), male gender (HR 1.32, 95% CI 1.24--1.40; *P* \< 0.001) and ASCVD (HR 2.16, 95% CI 2.01--2.33; *P* \< 0.001) were significant predictors of major CV events. Only a minority of patients in the study had any intervention for management of elevated TGs, so there was little change in TG levels over the course of the study. The mean TG level initially decreased, then increased during the first year, before stabilizing at a concentration slightly below baseline in the TG ≥1.69 mmol/L cohort; TG levels increased in the comparison group. LDL cholesterol also did not change substantially during follow‐up, despite the fact that persistence with statin therapy was poor, with \~20% continuing therapy after 5 years in both the elevated‐TG group and the control group.[46](#dom13921-bib-0046){ref-type="ref"}

###### 

Optum Research Database: Effects of triglycerides on cardiovascular (CV) events and medical resource utilization in statin‐treated patients with elevated atherosclerotic CV disease risk (multivariate analysis)[a](#dom13921-note-0008){ref-type="fn"} ^,^ [b](#dom13921-note-0009){ref-type="fn"}

                                                                                                        Hazard or cost ratio for cohort variable (95% CI)   *P*            Hazard or cost ratio for cohort variable (95% CI)   *P*                   
  ----------------------------------------------------------------------------------------------------- --------------------------------------------------- -------------- --------------------------------------------------- ------ -------------- ---------
                                                                                                        TG ≥1.69 mmol/L vs comparator^a^                                   TG 2.26--5.64 mmol/L vs comparator^a^                                     
  Initial major CV event[c](#dom13921-note-0010){ref-type="fn"}                                         1.26                                                (1.19--1.34)   \<0.001                                             1.35   (1.23--1.49)   \<0.001
  Non‐fatal MI[c](#dom13921-note-0010){ref-type="fn"}                                                   1.32                                                (1.2--1.45)    \<0.001                                             1.35   (1.19--1.52)   \<0.001
  Non‐fatal stroke[c](#dom13921-note-0010){ref-type="fn"}                                               1.14                                                (1.04--1.24)   0.004                                               1.27   (1.14--1.42)   \<0.001
  Coronary revascularization[c](#dom13921-note-0010){ref-type="fn"}                                     1.46                                                (1.33--1.61)   \<0.001                                             1.51   (1.34--1.69)   \<0.001
  Unstable angina[c](#dom13921-note-0010){ref-type="fn"}                                                1.18                                                (0.71--1.96)   0.527                                               1.21   (0.65--2.26)   0.555
  CV‐related death[c](#dom13921-note-0010){ref-type="fn"} ^,^ [d](#dom13921-note-0011){ref-type="fn"}   1.17                                                (0.90--1.52)   0.125                                               1.33   (0.97--1.83)   0.076
  Total healthcare costs[e](#dom13921-note-0012){ref-type="fn"}                                         1.12                                                (1.08--1.16)   \<0.001                                             1.15   (1.08--1.21)   \<0.001
  Initial inpatient hospital stay[c](#dom13921-note-0010){ref-type="fn"}                                1.13                                                (1.10--1.17)   \<0.001                                             1.17   (1.11--1.22)   \<0.001

Abbreviations: CI, confidence interval; CV, cardiovascular; MI, myocardial infarction; TG, triglycerides.

Adapted with permission from Toth et al.[44](#dom13921-bib-0044){ref-type="ref"}, [45](#dom13921-bib-0045){ref-type="ref"}

Overall pre‐match cohort: TG ≥1.69 mmol/L (n = 25 452 patients); comparator pre‐match cohort: TG \<1.69 mmol/L and HDL cholesterol \>1.04 mmol/L (n = 31 805 patients); pre‐match subcohort: TG 2.26--5.64 mmol/L (n = 13 411 patients); comparator pre‐match cohort: TG \<1.69 mmol/L and HDL cholesterol \>1.04 mmol/L (n = 32 506 patients).

Separate pre‐match multivariate analyses of major CV events, total healthcare costs and initial inpatient stay were performed. Covariates included TG cohort, as represented here, along with age (45--54, 55--64, ≥65 years), sex, insurance coverage type, geographic region of enrolment, baseline clinical characteristics (diabetes, ASCVD, LDL cholesterol laboratory result in relation to median), and baseline medication use (fibrates, prescription omega‐3s, both, and neither).

Multivariate analysis using Cox proportional hazards model.

Event occurred in an inpatient setting with discharge status indicating a non‐fatal event (absence of CV‐related death; CV‐related death was defined as death in the follow‐up period \[as identified with discharge status or the Death Master File\]) based on diagnosis code for major CV events (MI, stroke, revascularization) in the first or second position, that occurred in an emergency department setting within 1 day of a death date, or in an inpatient stay with a discharge date within 7 days of a death date.

Generalized linear model (gamma distribution, log link).

After controlling for patient characteristics, there was also a higher rate of inpatient hospital stay per unit time (all *P* \< 0.001; Table [2](#dom13921-tbl-0002){ref-type="table"}, Figure [1](#dom13921-fig-0001){ref-type="fig"}B).[44](#dom13921-bib-0044){ref-type="ref"}, [45](#dom13921-bib-0045){ref-type="ref"} The total healthcare cost ratio was higher in the TG ≥1.69 mmol/L cohort versus the comparator cohort as well as the hypertriglyceridaemia (TGs 2.26--5.64 mmol/L) subcohort versus the comparator cohort (all *P* \< 0.001; Table [2](#dom13921-tbl-0002){ref-type="table"}, Figure [1](#dom13921-fig-0001){ref-type="fig"}B).[44](#dom13921-bib-0044){ref-type="ref"}, [45](#dom13921-bib-0045){ref-type="ref"} Patients in the TG ≥5.64 mmol/L cohort had higher mean (SD) total monthly healthcare costs (\$1438 \[\$3214\]) versus the comparator cohort (\$1270 \[\$2516\]; *P* \< 0.001; n = 23 181 patients for both cohorts).[45](#dom13921-bib-0045){ref-type="ref"} Extrapolating from the per‐patient‐per‐month average total healthcare costs across the variable follow‐up time in this study, the approximate average annual cost difference between the TG ≥1.69 mmol/L and comparator cohorts was \$47 m per year; this translates to \$200 m per year per 100 000 patients.[45](#dom13921-bib-0045){ref-type="ref"} The mean (SD) total monthly healthcare cost was \$1462 (\$3354) in the hypertriglyceridaemia subcohort versus \$1279 (\$2628) in the comparator cohort (*P* \< 0.001).[44](#dom13921-bib-0044){ref-type="ref"} Again, extrapolated to the overall study population over 1 year, this difference resulted in average healthcare costs that were \$24 m greater in the hypertriglyceridaemia subcohort, or an additional \$220 m per year per 100 000 patients compared with the comparator cohort.[44](#dom13921-bib-0044){ref-type="ref"}

2.3. Kaiser Permanente database {#dom13921-sec-0009}
-------------------------------

The Kaiser Permanente database contains electronic health records (rather than administrative claims) collected via an integrated clinical delivery system that provides medical care to patients in eight semi‐autonomous regions of the United States, including the Northwest (KPNW) and Southern California (KPSC) regions.[47](#dom13921-bib-0047){ref-type="ref"} Both organizations use an Epic‐based electronic health record (Verona, Wisconsin, USA) that is combined with enrolment, laboratory and pharmacy data to create a comprehensive dataset that can be standardized into a common data model. This longitudinal observational cohort study investigated the impact of TG levels on CVD risk using data from the KPNW and KPSC regions, which together serve \~4.5 million members. The inclusion criteria for this analysis mirrored the entry criteria for the REDUCE‐IT study.[48](#dom13921-bib-0048){ref-type="ref"} All patients aged ≥45 years with a charted diagnosis of MI, stroke, acute coronary syndrome or peripheral arterial disease, TG levels \<5.65 mmol/L and LDL cholesterol levels 1.04--2.59 mmol/L while on statin therapy were included (use of other lipid‐lowering drugs was an exclusion criterion).[47](#dom13921-bib-0047){ref-type="ref"} Patients were followed from the index date for a maximum of 6.5 years. The first of two primary endpoints for the analysis was a composite of all‐cause mortality and first occurrence of non‐fatal MI, non‐fatal stroke, coronary revascularization or unstable angina; the second primary composite outcome also included peripheral revascularization and aneurysm repair.[47](#dom13921-bib-0047){ref-type="ref"} Secondary analyses evaluated individual components of the composites separately. Patients were categorized according to index TG value, and categorized as having hypertriglyceridaemia (TG levels 2.26--5.64 mmol/L, n = 2702) or TG levels \<1.69 mmol/L (n = 14 481).[47](#dom13921-bib-0047){ref-type="ref"} The treatment groups differed at baseline in that the hypertriglyceridaemia group was younger, had a higher prevalence of diabetes and chronic kidney disease, and was more likely to be white or Hispanic, a current smoker, and have lower HDL cholesterol versus the TG \<1.69 mmol/L group.[47](#dom13921-bib-0047){ref-type="ref"}

The crude prevalence of the composite outcomes did not differ between the groups at any time during the study, but crude prevalence of non‐fatal MI (*P* = 0.023), coronary revascularization (*P* \< 0.001) and peripheral revascularization (*P* = 0.026) were significantly more frequent in the hypertriglyceridaemia group versus the TG \<1.69 mmol/L group.[47](#dom13921-bib-0047){ref-type="ref"} There was no significant difference in the rate ratio between men and women (*P* = 0.698).[47](#dom13921-bib-0047){ref-type="ref"} However, with multivariate statistical adjustment and accounting for time to event, the hypertriglyceridaemia group was found to be 10% more likely to experience a second primary composite outcome event versus the TG \<1.69 mmol/L group (*P* = 0.041; Table [3](#dom13921-tbl-0003){ref-type="table"}).[47](#dom13921-bib-0047){ref-type="ref"} This difference was largely driven by increased likelihoods of non‐fatal MI, coronary revascularization and peripheral revascularization in the hypertriglyceridaemia group versus the TG \<1.69 mmol/L group (Table [3](#dom13921-tbl-0003){ref-type="table"}, Figure [1](#dom13921-fig-0001){ref-type="fig"}C).[47](#dom13921-bib-0047){ref-type="ref"} Although rates were elevated in the hypertriglyceridaemia group versus the TG \<1.69 mmol/L group, no significant differences were observed for other endpoints (ie, first composite outcome, non‐fatal stroke, unstable angina, aneurysm repair, all‐cause mortality; Table [3](#dom13921-tbl-0003){ref-type="table"}, Figure [1](#dom13921-fig-0001){ref-type="fig"}C).[47](#dom13921-bib-0047){ref-type="ref"} Similar patterns were seen in an analysis of patients with diabetes and hypertriglyceridaemia (TG levels 2.26--5.64 mmol/L; n = 5542) versus normal TG levels (TG \<1.69 mmol/L; n = 22 411) from this database.[49](#dom13921-bib-0049){ref-type="ref"} The hypertriglyceridaemia group versus the TG \<1.69 mmol/L group within the diabetes population had significantly higher adjusted incidences of non‐fatal MI (rate ratio 1.30, 95% CI 1.08--1.58; *P* = 0.006), non‐fatal stroke (rate ratio 1.23, 95% CI 1.01--1.49; *P* = 0.037) and coronary revascularization (rate ratio 1.21, 95% CI 1.02--1.43; *P* = 0.027), but not unstable angina (rate ratio 1.33, 95% CI 0.87--2.03; *P* = 0.185).[49](#dom13921-bib-0049){ref-type="ref"}

###### 

Kaiser Permanente database: Effects of triglyceride level on incidence of cardiovascular (CV) events and medical resource utilization in statin‐treated patients with elevated atherosclerotic CV disease risk

  Outcome                                                                                     Hypertriglyceridaemia (TGs 2.26--5.64 mmol/L)   Normal TG level (TGs \<1.69 mmol/L)   Rate ratio or difference (arithmetic ratio)   *P*
  ------------------------------------------------------------------------------------------- ----------------------------------------------- ------------------------------------- --------------------------------------------- ---------
  Primary composite outcomes[a](#dom13921-note-0015){ref-type="fn"}                                                                                                                                                               
  First[a](#dom13921-note-0015){ref-type="fn"} ^,^ [b](#dom13921-note-0016){ref-type="fn"}    45.9 (42.2--49.9)                               42.8 (41.1--44.5)                     1.07 (0.98--1.18)                             0.127
  Second[a](#dom13921-note-0015){ref-type="fn"} ^,^ [b](#dom13921-note-0016){ref-type="fn"}   50.9 (47.0--55.2)                               46.5 (44.8--48.2)                     1.10 (1.00--1.20)                             0.041
  Secondary outcomes[a](#dom13921-note-0015){ref-type="fn"}                                                                                                                                                                       
  Non‐fatal MI[a](#dom13921-note-0015){ref-type="fn"}                                         10.5 (8.9--12.4)                                8.7 (8.0--9.5)                        1.20 (1.00--1.45)                             0.045
  Non‐fatal stroke[a](#dom13921-note-0015){ref-type="fn"}                                     8.4 (7.0--10.2)                                 7.8 (7.1--8.5)                        1.09 (0.89--1.33)                             0.423
  Unstable angina[a](#dom13921-note-0015){ref-type="fn"}                                      2.3 (1.6--3.3)                                  1.6 (1.3--2.0)                        1.39 (0.94--2.06)                             0.101
  Coronary revascularization[a](#dom13921-note-0015){ref-type="fn"}                           11.9 (10.2--13.9)                               10.0 (9.3--10.9)                      1.18 (1.00--1.40)                             0.045
  Peripheral revascularization[a](#dom13921-note-0015){ref-type="fn"}                         3.4 (2.5--4.5)                                  2.2 (1.8--2.6)                        1.56 (1.14--2.13)                             0.006
  Aneurysm repair[a](#dom13921-note-0015){ref-type="fn"}                                      1.3 (0.8--2.0)                                  1.2 (0.9--1.5)                        1.06 (0.64--1.76)                             0.817
  All‐cause mortality[a](#dom13921-note-0015){ref-type="fn"}                                  20.7 (18.4--23.2)                               19.9 (18.8--21.1)                     1.04 (0.92--1.17)                             0.533
  Total costs[c](#dom13921-note-0017){ref-type="fn"}                                          \$17 848 (\$17 224--\$18 473)                   \$16 884 (\$16 625--\$17 143)         \$964 (6%)                                    0.006
  Inpatient admission[d](#dom13921-note-0018){ref-type="fn"}                                  0.26 (0.24--0.28)                               0.23 (0.22--0.24)                     0.03 (13%)                                    \<0.001

Abbreviations: MI, myocardial infarction; TG, triglyceride.

Adapted from Nichols et al, with permission of Oxford University Press.[47](#dom13921-bib-0047){ref-type="ref"}, [50](#dom13921-bib-0050){ref-type="ref"}

Values represent incidence (95% CIs) of study outcomes per 1000 person‐years and rate ratios adjusted for age, sex, race/ethnicity, body mass index, smoking status, blood pressure, diabetes, use of insulin, history of MI, stroke or other ischaemic heart disease, serum creatinine and study site.

First primary composite outcome: all‐cause mortality and first occurrence of non‐fatal MI, non‐fatal stroke, coronary revascularization, or unstable angina. Secondary composite outcome: first composite plus peripheral revascularization and aneurysm repair.

Values represent mean (95% CI) annualized costs per person adjusted for age, sex, race/ethnicity, study site, baseline costs, diabetes, chronic kidney disease, obesity, hypertension, and low HDL cholesterol.

Values represent mean (95% CI) annualized utilization per person adjusted for age, sex, race/ethnicity, and study site.

Adjusting for age, gender, study site and race/ethnicity, each of the following was significantly higher in the hypertriglyceridaemia group versus the TG \<1.69 mmol/L group over a mean follow‐up time of \~5.2 years: inpatient admission (*P* \< 0.001; Table [3](#dom13921-tbl-0003){ref-type="table"}; Figure [1](#dom13921-fig-0001){ref-type="fig"}C), inpatient days (*P* = 0.038), emergency room visits (*P* \< 0.001), and pharmaceutical dispenses (*P* \< 0.001).[50](#dom13921-bib-0050){ref-type="ref"} In models further adjusted for baseline costs, presence of diabetes, hypertension, chronic kidney disease, obesity and low HDL cholesterol, the following mean annualized adjusted per‐capita costs were significantly higher in the hypertriglyceridaemia group versus the TG \<1.69 mmol/L group: total costs (by \$964; *P* = 0.006; Table [3](#dom13921-tbl-0003){ref-type="table"}, Figure [1](#dom13921-fig-0001){ref-type="fig"}C), emergency room visits (\$70; *P* = 0.031), hospital ambulatory care (\$199; *P* = 0.032), total ambulatory care (\$327; *P* = 0.035), and pharmaceutical dispenses (\$185; *P* = 0.012).

3. STRENGTHS AND LIMITATIONS {#dom13921-sec-0010}
============================

The real‐world experience studies included in this review have a number of strengths and limitations. The NHANES population was designed to be generalizable to the US population, with sample weighting allowing estimation of the millions of US adults with hypertriglyceridaemia. In addition, as a prospective cohort there are uniform protocols for the measurement of lipids and medical history acquisition across all study centres. A limitation of NHANES, however, is the lack of follow‐up for CV events other than CV mortality, as well as a lack of information on statin dose, duration or adherence.

Data collected at the point of care, such as those included in the Optum and Kaiser Permanente databases, provide a pragmatic examination of real‐world data in the context of clinical practice, and may be more reflective of actual use than evidence from clinical trials,[51](#dom13921-bib-0051){ref-type="ref"}, [52](#dom13921-bib-0052){ref-type="ref"} bringing a novel perspective to the healthcare costs and disease burden of this large population that is representative of the overall US population. As a result, these analyses may help place the results of ongoing CV outcomes trials into a real‐world perspective. Although analysis of smaller claims databases may be of interest, their results would probably be less representative. The propensity‐score matching in the Optum Research Database further allowed the study populations to be statistically controlled for group differences including demographic and cardiometabolic risk factors.[44](#dom13921-bib-0044){ref-type="ref"}, [45](#dom13921-bib-0045){ref-type="ref"}, [47](#dom13921-bib-0047){ref-type="ref"}, [50](#dom13921-bib-0050){ref-type="ref"} Because this approach was not taken for the Kaiser Permanente analysis, its ability to control for the same factors may not be as great. As a result, hypertriglyceridaemia was the main difference in risk factors between the groups, so it is likely that the observed differences in CV disease risk can be ascribed, at least in part, to the disparity in TG levels. A limitation of these analyses, however, is that it was not possible to control for other potential confounding factors such as alcohol use and other lifestyle factors that were not captured in these databases.

Data collected for the purpose of claims, or from electronic medical records of managed care health plans rather than for research, may contain inaccurate recording of health events, may have missing data, and there may be uncertainty about the internal validity of the database.[52](#dom13921-bib-0052){ref-type="ref"}, [53](#dom13921-bib-0053){ref-type="ref"} For instance, patient fasting status cannot be accurately determined from observational laboratory data such as those used in this study, and the data probably contain a mix of fasting and non‐fasting TG results. While fasting TG values may be preferred for diagnosing hypertriglyceridaemia,[54](#dom13921-bib-0054){ref-type="ref"} non‐fasting TG values may be better predictors of CV disease risk.[55](#dom13921-bib-0055){ref-type="ref"}, [56](#dom13921-bib-0056){ref-type="ref"} Non‐fasting TG values are generally higher than fasting TG,[54](#dom13921-bib-0054){ref-type="ref"}, [57](#dom13921-bib-0057){ref-type="ref"} and resulting misclassification would bias the results of this real‐world analysis toward the null hypothesis, suggesting that the estimates of excess CV disease risk due to hypertriglyceridaemia may be conservative. In addition, some costs to the patient (eg, transportation, missed work days) are not available from these databases.

In addition to the limitations discussed above, a number of other issues should be kept in mind when considering these findings. Observational studies based on registries, electronic medical records, and other non‐prospective real‐life cohorts cannot conclusively determine causality, but are more generalizable to clinical practice than results of clinical trials.[51](#dom13921-bib-0051){ref-type="ref"}, [53](#dom13921-bib-0053){ref-type="ref"} Biases and confounding due to unmeasured variables are possible outside the context of well‐controlled randomized trials.[52](#dom13921-bib-0052){ref-type="ref"} Furthermore, analyses of this type of database cannot be effectively used to determine cause and effect, that is, to measure the efficacy of pharmaceutical interventions.[51](#dom13921-bib-0051){ref-type="ref"}, [53](#dom13921-bib-0053){ref-type="ref"} As a result, it cannot be determined from these analyses whether risk, costs and resource utilization could be reduced by TG‐lowering intervention. Despite these limitations, real‐world evidence provides clinicians, payers and clinical guideline developers with additional information to guide decision‐making.[53](#dom13921-bib-0053){ref-type="ref"}

The findings of the Optum Research Database and Kaiser Permanente studies are generally consistent, with some notable differences. With regard to age, sex and diabetes status, the Optum analyses (\~85% had diabetes) may have been more similar to the Kaiser Permanente analysis of patients with diabetes than to the main Kaiser Permanente analysis, which had ≤50% patients with diabetes and the population was generally older and had more men than the Optum and Kaiser Permanente diabetes analyses. Accordingly, the rates for MI and stroke were similar between the Optum and the Kaiser Permanente diabetes analyses.[44](#dom13921-bib-0044){ref-type="ref"}, [49](#dom13921-bib-0049){ref-type="ref"} The Optum analysis used propensity matching whereas the Kaiser Permanente analysis used statistical controls[49](#dom13921-bib-0049){ref-type="ref"}; therefore, the Kaiser Permanente results are more subject to residual confounding. The lower admissions and costs found in the Kaiser Permanente analyses may have been attributable to the fact that the Kaiser Permanente system is a much more controlled system than the claims data used in the Optum analysis. Finally, the findings of these studies may be suggestive of elevated TG level as a greater risk factor in women than men because the Optum analysis included more women (\~50%) and generally found higher risk than the Kaiser Permanente main analysis (31%--37% women).[44](#dom13921-bib-0044){ref-type="ref"}, [50](#dom13921-bib-0050){ref-type="ref"}

The increased CV risk identified in the Optum and Kaiser Permanente studies has recently been supported by an analysis of 439 019 patients from the United States Veterans Affairs Corporate Data Warehouse, which demonstrated that, in statin‐treated veterans with well‐controlled LDL cholesterol, those with TG levels 1.69--5.64 mmol/L had a significant increase in CV events versus veterans with TG levels \<1.69 mmol/L (rate ratio 1.37, 95% CI 1.34--1.40; *P* \< 0.001) even after adjusting for HDL cholesterol (rate ratio 1.19, 95% CI 1.16--1.22; *P* \< 0.001).[58](#dom13921-bib-0058){ref-type="ref"}

4. HYPERTRIGLYCERIDAEMIA AND ASCVD OUTCOMES TRIALS {#dom13921-sec-0011}
==================================================

Given the risks conferred by hypertriglyceridaemia, the potential for ASCVD risk reduction has been the subject of a number of important outcomes trials employing agents with TG‐lowering effects, such as niacin and fenofibrate, including AIM‐HIGH (Atherothrombosis Intervention in Metabolic Syndrome With Low HDL/High Triglycerides and Impact on Global Health Outcomes),[59](#dom13921-bib-0059){ref-type="ref"} ACCORD (Action to Control Cardiovascular Risk in Diabetes),[7](#dom13921-bib-0007){ref-type="ref"} and HPS2‐THRIVE (Heart Protection Study 2--Treatment of HDL to Reduce the Incidence of Vascular Events).[7](#dom13921-bib-0007){ref-type="ref"}, [59](#dom13921-bib-0059){ref-type="ref"}, [60](#dom13921-bib-0060){ref-type="ref"} However, many of these trials did not prospectively enroll patients with hypertriglyceridaemia; only the AIM‐HIGH trial of extended‐release niacin required participants to have TG levels \>1.69 mmol/L.[59](#dom13921-bib-0059){ref-type="ref"} Despite this, subgroup analyses of the AIM‐HIGH and ACCORD studies did suggest that modification of TG in patients with hypertriglyceridaemia and low HDL cholesterol may lead to possible ASCVD benefit.[7](#dom13921-bib-0007){ref-type="ref"}, [59](#dom13921-bib-0059){ref-type="ref"}

Results from omega‐3 fatty acid outcomes trials have also had variable results.[61](#dom13921-bib-0061){ref-type="ref"} Early findings conducted prior to current statin treatment guidelines that suggested possible CV benefit were either conducted with a combination of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)[62](#dom13921-bib-0062){ref-type="ref"} or with pure EPA.[63](#dom13921-bib-0063){ref-type="ref"} However, later studies in the modern statin era that investigated EPA + DHA combinations failed to demonstrate CV benefit.[64](#dom13921-bib-0064){ref-type="ref"}, [65](#dom13921-bib-0065){ref-type="ref"}, [66](#dom13921-bib-0066){ref-type="ref"}, [67](#dom13921-bib-0067){ref-type="ref"}, [68](#dom13921-bib-0068){ref-type="ref"} Notably, these studies had design issues such as the use of low‐dose omega‐3 treatment and a focus on patients with low HDL cholesterol rather than hypertriglyceridaemia.[64](#dom13921-bib-0064){ref-type="ref"}, [65](#dom13921-bib-0065){ref-type="ref"}, [66](#dom13921-bib-0066){ref-type="ref"}, [67](#dom13921-bib-0067){ref-type="ref"}, [68](#dom13921-bib-0068){ref-type="ref"} Other limitations included a lack of assessment of long‐chain omega‐3 fatty acid status prior to and during treatment, and an absence of a clear biological target.[61](#dom13921-bib-0061){ref-type="ref"} In the past year, several major CV outcomes trials of omega‐3 agents have concluded. The VITAL (Vitamin D and Omega‐3 Trial)[69](#dom13921-bib-0069){ref-type="ref"} and ASCEND (A Study of Cardiovascular Events in Diabetes)[70](#dom13921-bib-0070){ref-type="ref"} trials failed to show any reduction in major CV events with a low 1‐g/d dose of EPA + DHA compared with placebo.[69](#dom13921-bib-0069){ref-type="ref"}, [70](#dom13921-bib-0070){ref-type="ref"} These studies included use of other medications such as aspirin (ASCEND) and vitamin D (VITAL) and did not require hypertriglyceridaemia or statin treatment for participation, although patients in ASCEND were required to have a diagnosis of diabetes. REDUCE‐IT (Reduction of Cardiovascular Events with Icosapent Ethyl--Intervention Trial) was different from VITAL, ASCEND and prior omega‐3 trials because it investigated high‐dose (4 g/d), high‐purity EPA (icosapent ethyl) in high‐risk (71% with established CVD with or without diabetes, and 29% with diabetes without established CVD) statin‐treated patients with fasting TG 1.53--5.64 mmol/L.[71](#dom13921-bib-0071){ref-type="ref"} Icosapent ethyl was associated with a statistically significant and clinically meaningful 25% relative risk reduction (HR 0.75, 95% CI 0.68--0.83; *P* \< 0.001) in the primary composite endpoint of the first occurrence of major adverse CV event (MACE; CV death, non‐fatal MI, non‐fatal stroke, coronary revascularization, or unstable angina requiring hospitalization) and a 26% reduction (HR 0.74; 95% CI 0.65--0.83; *P* \< 0.001) in the key secondary endpoint (three‐point MACE consisting of CV death, non‐fatal MI, or non‐fatal stroke) over a median follow‐up of 4.9 years. This represented an absolute risk reduction of 4.8% and 3.6% and a number needed to treat of 21 and 28 over 4.9 years in the primary and key secondary composite endpoints, respectively. REDUCE‐IT also demonstrated a 20% relative reduction in CV death (HR 0.80, 95% CI 0.66--0.98; *P* = 0.03), a 31% relative reduction in MI (HR 0.69, 95% CI 0.58--0.81; *P* \< 0.001), and a 28% relative reduction in stroke (HR 0.72, 95% CI 0.55--0.93; *P* = 0.01).

While hypertriglyceridaemia confers increased ASCVD risk as described by the real‐world evidence reviewed herein, it may seem paradoxical that the reduction of MACE in REDUCE‐IT was similar across baseline TG strata and appeared to occur irrespective of attained TG. These findings from REDUCE‐IT suggest that the observed risk reduction may not entirely be explained by TG‐lowering and may also be the result of other pleiotropic beneficial effects of EPA on multiple steps in the development and progression of ASCVD.[71](#dom13921-bib-0071){ref-type="ref"} These include anti‐inflammatory effects mediated by downstream effector molecules produced from EPA, such as resolvins and protectins.[72](#dom13921-bib-0072){ref-type="ref"}, [73](#dom13921-bib-0073){ref-type="ref"} In addition, one has to keep in mind that EPA is a long‐chain fatty acid that incorporates in membranes and other lipid structures, such as lipoproteins. It is thus plausible to speculate that cellular function and lipoprotein processing may be improved by the compositional changes. EVAPORATE (Effect of Vascepa on Improving Coronary Atherosclerosis in People With High Triglycerides Taking Statin Therapy) is an ongoing randomized, double‐blind, placebo‐controlled trial, designed to assess the effect of icosapent ethyl 4 g/d on low‐attenuation plaque volume in statin‐treated US patients with coronary atherosclerosis and elevated TG and may help elucidate the mechanisms by which EPA reduces CVD risk.[74](#dom13921-bib-0074){ref-type="ref"}

Other important omega‐3 CV outcomes studies are ongoing and may help to define the role of omega‐3 fatty acids in the management of patients with hypertriglyceridaemia. RESPECT‐EPA (Randomized trial for Evaluation in Secondary Prevention Efficacy of Combination Therapy ‐ Statin and Eicosapentaenoic Acid)[75](#dom13921-bib-0075){ref-type="ref"} is an open‐label study being conducted in Japan of 1.8 g/d of high‐purity EPA in 3900 statin‐treated patients with stable coronary artery disease, and STRENGTH (Long‐Term Outcomes Study to Assess Statin Residual Risk Reduction with Epanova in High Cardiovascular Risk Patients with Hypertriglyceridemia) is a study of high‐dose (4 g/d) EPA + DHA in statin‐treated patients with TG levels ≥2.03 and \<5.65 mmol/L.[76](#dom13921-bib-0076){ref-type="ref"} Finally, OMEMI (OMega‐3 fatty acids in Elderly patients with Myocardial Infarction) is an ongoing Norwegian secondary prevention study of low‐dose (1.8 g/d) omega‐3 fatty acids in elderly patients with acute MI.[77](#dom13921-bib-0077){ref-type="ref"} The results of these trials, along with the already released REDUCE‐IT trial, should better inform the role of omega‐3 fatty acid supplementation for the primary and secondary prevention of ASCVD in future guidelines. Indeed, findings from REDUCE‐IT have prompted recent updates to the American Diabetes Association Standards of Medical Care in Diabetes. The recommendations now include a statement that icosapent ethyl should be considered for patients with diabetes and ASCVD or other cardiac risk factors with LDL cholesterol controlled on statin therapy, but with TG levels 1.53--5.64 mmol/L.[78](#dom13921-bib-0078){ref-type="ref"}

5. CONCLUSIONS {#dom13921-sec-0012}
==============

Approximately 57 million US adults have hypertriglyceridaemia (TG ≥1.69 mmol/L), about one‐third of whom have LDL cholesterol controlled to \<100 mg/dL with statins, and nearly 40% of those with diabetes also have TG ≥1.69 mmol/L despite statin therapy. This means that a substantial number of people in the USA have residual CV risk despite the fact that their LDL cholesterol is well controlled; it is forecasted that as many as 3.4 million ASCVD events will occur in this population over the next 10 years.[41](#dom13921-bib-0041){ref-type="ref"} The series of real‐world evidence studies reviewed here suggests that statin‐treated patients with high CV risk and hypertriglyceridaemia have worse CV and health economic outcomes than similar patients with normal TG (\<1.69 mmol/L in the Kaiser Permanente database), or with normal TG and HDL cholesterol (\<1.69 mmol/L and \>1.04 mmol/L, respectively, in the Optum database).[41](#dom13921-bib-0041){ref-type="ref"}, [44](#dom13921-bib-0044){ref-type="ref"}, [45](#dom13921-bib-0045){ref-type="ref"}, [47](#dom13921-bib-0047){ref-type="ref"}, [50](#dom13921-bib-0050){ref-type="ref"} Recently completed and ongoing intervention trials designed to assess CV outcomes in patients with elevated TG levels will help to determine if certain strategies to reduce TG will help to ameliorate the residual CV risk in these patients.
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